The organism used throughout the study was a stock strain of Micrococcus pyogenes var. aureus, strain Rosenbach, carried on nutrient agar at 37 C. The standard media employed were nutrient broth and nutrient agar. The phenol employed was prepared by redistilling a commercial fused-crystal product (Merck), and kept in the crystalline state at 4 C. Before use it was melted, the desired quantity withdrawn and added to the sterilized medium.
forms, Gale and Taylor, 1947;  denaturation of enzyme proteins, Fogg and Lodge, 1945) rather than to a particular metabolic interference by the compound, the eistence of naturally resistant strains (Harde and Jackson, 1918) and the possibility of inducing phenol resistance in strains of a normally sensitive bacterial species (Altmann and Rauth, 1910;  see Meader and Feirer, 1926) have been known for some time, and have been observed in a variety of organisms. However, the origin and nature of these resistant strains and the correlation of their resistance to bacteriostatic and bactericidal actions of the compound have not yet been explained satisfactorily. The present investigation was undertaken with the hope of contributing some information in regard to these problems.
MATERIALS AND METHODS
The organism used throughout the study was a stock strain of Micrococcus pyogenes var. aureus, strain Rosenbach, carried on nutrient agar at 37 C. The standard media employed were nutrient broth and nutrient agar. The phenol employed was prepared by redistilling a commercial fused-crystal product (Merck), and kept in the crystalline state at 4 C. Before use it was melted, the desired quantity withdrawn and added to the sterilized medium.
Resistance to bacteriostatic action was determined by parallel plating of appropriate dilutions in nutrient agar and in agar containing specified amounts of phenol. The absence of visible colonies after incubation for three days at 37 C was taken as criterion for bacteriostatic inhibition. Bactericidal activity was tested by comparative killing curves: ten ml of log-phase broth cultures were added to 100 ml amounts of a 1 per cent aqueous phenol solution; samples were withdrawn at one minute intervals, diluted tenfold in nutrient broth, and plated as soon as technically possible.
Phenol resistant strains were developed in the following manner: wild type cultures were plated on nutrient agar containing graded amounts of phenol; colonies appearing in the presence of the highest concentration of phenol were transferred to broth containing the same concentration; cultures were plated, after becoming turbid, on a second series of phenol-agar plates with increased phenol concentrations; the selective process was continued until a limiting phenol concentration was reached, beyond which no growth could be obtained. (1945) have suggested a residual bacteriostatic effect, to which no adaptation could be detected. As an alternative, it could be assured that the phenol resistant organisms, which seem to constitute a mutation, have to make use-in the actual presence of phenol-of an additional adaptive mechanism, which could also be in some manner responsible for faster aging of the cell population.
RESULTS
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In order to determine the competitive survival of wild type and resistant strains, a mixed culture, containing approximately equal numbers of each type, was grown in nutrient broth; platings were made from it in nutrient agar and 0.20 per cent phenol agar at intervals. By comparing the level of resistant cells in the mixture with that of pure cultures of each type, it was found that their proportions remained unchanged during the initial 24 hour period; with longer incubation and after subculturing the proportion of resistant cells dropped sharply and decreased finally to less than 1 per cent of the total population. This behavior was taken to indicate higher survival value of the wild type under normal conditions. Moreover, since the resistant control in nutrient broth failed to show a corresponding decrease in the fraction of resistant cells, it appears that the resistant strain had the character of a mutant type, i.e., of a distinct population, in a condition of selective disadvantage. For, if we dealt with a purely adaptive phenomenon, the resistant culture in mixture and by itself should behave identically in the same environment-the adaptation should have disappeared entirely within a few generations, unless we postulate a "Dauermodifikation" (Jobs, 1913) , a still controversial mechanism.
In order to obtain more information on this latter point, reversal studies were performed. A tube of nutrient broth was inoculated from a resistant colony growing in the presence of phenol; samples of this culture were plated later in nutrient and phenol agar; a transfer from the broth culture was made again to nutrient broth. This procedure was repeated with 6 hour cultures being employed for platings and 12 hour cultures for transfers. Another culture, started simultaneously from the original colony and grown in phenol broth, served as control. After Kappus, 1930; Hoffmann and Rahn, 1944) , but in the case of phenolic substances there exists a difference of opinion as to whether we deal with quantitative ascts of the same phenomenon (Fogg and Lodge, 1945;  of. Roberts and Rahn, 1946) or with two different actions which are not necessarily parallel (Delaunay, 1937) .
In the present investigation by means of comparative killing curves (see Materials and Methods) it was shown that resistant cultures grown Modification of phenol resistance. Sterilization of phenol in the medium and incubation at temperatures ranging from 26 to 47 C failed to bring about any significant change in the number of resistant cells in wild type cultures. Similarly, no correlation could be found between phenol resistance and resistanceto penicillin and streptomycin (cf. Carlinfanti, 1946) . The effect of the concentration of, and balance between, protein split products and of the presence of glucose has been referred to above.
Disiationforms and phenol resistance. During nized species (cf. Pinner and Voldrich, 1932) .
More recently, the heterogeneity of Micrococus strains, as expresed by instability of pigmentation types which is often assciated with fluctuations in the resistance to some disinfectants, has been discussed by Catlin and Salle (1951) . They ascribe these changes to an interaction between mutation rate, population pressure, and selection, and emphasize the practical significance of these phenomena for phenol coefficient determinations. The experimental strain _sd slight, cream colored pigmentation which remained unchanged, except for occasional variants, at different temperatures of incubation, and on agar contaming penicillin or skim milk, while it became more Seventeen colonies with different histories were pronounced in the presence of streptomycin. On transferred to nutrient agar slants and to agar media containing 0.10 to 0.15 per cent phenol a slants containing graded concentrations of phemajority of the colonies showed increased pig-nol, and were observed for growth and pigmentamentation which was lost in the absence of phenol tion. Although it was impossible to correlate the after 12 to 17 weekly transfers, but was retained extent of previous phenol exposure in every case on 0.10 per cent phenol agar through 35 weekly to the observed maximum concentration at which transfers without being influenced by the tem-growth occurred, there was a definite tendency Following one of the killing curves, the appearance on some of the plates of three types of colonies was noticed, which differed from each other in a variety of characters (table 3) . toward higher tolerance in colonies derived from celLs which had been grown in phenol or had been exposed to it temporarily. The occurrence of pigmentation was irregular, with numerous intermediate and sectored forms appearing. It was impossible to predict any pattern for a culture of known history under a given set of conditions.
The phenol resistant strain was found to vary in pimentation, colonial morphology, and most bioch rnical characters tested for in a manner similar to phenol exposed wild type. Retardation in the fermentation of mannitol and sucrose was the only differential characteristic which separated all resistant and sensitive cultures tested.
Experimens on munkibiting concentration. It has been reported that in the nonexacting Aerobacter aerogenes, phenol and related compounds inhibited growth temporarily by inducing a lag period due to interference with the production and interconversion of certain amino acids (Dagley et al., 1950;  cf. Barbour and Vincent, 1950 The presented studies seem to indicate that training for resistance to the bacteriostatic action of phenol deals with a series of mutations to successively higher concentrations. In addition, these mutant forms, but not the wild type, may acquire adaptive abilities to grow in the continued presence of phenol and to resist, to some extent, the bactericidal action of the compound. This postulated adaptive mechanism seems to alter the kinetics of resistant cell populations in the presence of phenol, perhaps by a metabolic route. Similar cumulative action of mutation and adaptation has been suggested for succinate utilizing Moraxella lwoffi (Lwoff and Audureau, 1942) , lactose utilizing Escherichia coli (Monod and Audureau, 1946) , and glucose utilizing Pseudomonas putrefaciens (Klein and Doudoroff, 1950) .
In the present case the demonstration of a possible interrelationship is made difficult by insufficient knowledge concerning enzyme systems which may be selectively affected by the change to phenol resistance. Another complicating factor is the mutagenic action of phenol itself which has been shown for several organisms (Stubbs and Kausche, 1940; Hadorn et al., 1946 Hadorn et al., , 1948 Niggli, 1948; Demerec et el., 1951) .
In a series of almost simultaneous, independent investigations, Harm (1951) When tested for survival in killing curves, the phenol resistant strain, if grown just previously in the presence of phenol, appeared to be considerably more resistant to bactericidal action than the wild type or the phenol resistant strain grown in nutrient broth.
The reistant strain showed a distinctive growth pattern when grown in phenol broth; it was unable to compete successfully in mixed nutrient broth cultures with the wild type.
The resistant strain retained its phenol resistance in nutrient broth through40 transfers Wide fluctuations in the number of actually phenol resistant celLs were observed, and several interpretations of this phenomenon are suggested.
It was not possible to isolate a transmissible factor for phenol resistance or to change the incidence of resistant cells in wild type cultures appreciably.
No lasting adaptation of the wild type to subinhibiting concentrations of phenol could be shown.
A number of differences in colonial morphology and biochemical behavior were found after growth in the presence of or exposure to phenol. In these variations, the resistant strain resembled the wild type closely.
It is suggested that phenol resistance in the organism under investigation involves mutation with superimposed adaptation.
